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zygotic embryos collected 75-90 days after pollination. The expressible 
coat protein (CP) gene of a Taiwan strain of papaya ringspot virus (PRSV) 
was constructed in a Ti binary vector pBGCP, which contained the NPT-II 
gene as a selection marker. The embryogenic tissues were vortexed with 600 
mesh carborundum in sterile distilled water for 1 min before treating with 
the disarmed A. tumefaciens containing the pBGCP. Transformed cells were 
cultured on kanamycin- f ree medium containing 2,4-D and carbenicillin for 
2-3 weeks and then on the kanamycin medium for 3-4 months. The developed 
somatic embryos were transferred to the medium containing NAA, BA and 
kanamycin and subsequently regenerated into normal -appearing plants. 
Presence of the PRSV CP gene in the putative transgenic lines was detected 
by PCR and the expression of the CP was verified by Western blotting. The 
transgene was nuclearly inherited as revealed by segregation analysis in 
the backcrossed Rl progeny. From five independent experiments, the average 
successful rate of transformation was 15.9% of the zygotic embryos treated 
(52 transgenic somatic embryo clusters out of 32 7 zygotic embryos 
treated) , about 10-100 times higher than the available methods previously 
reported. Thus, wounding highly regenerable differentiating tissues by 
carborundum vortexing provides a simple and efficient way for papaya 
transformation mediated by Agrobacterium. 
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AB We have used both Escherichia coli cells and Agrobacterium 
tumefaciens cells as microprojec tiles to deliver DNA into 
suspension-cultured tobacco (Nicotiana tabacum L.line NT1) cells using a 
helium-powered biolistic device. In addition, E. coli cells were used as 
microproj ectiles for the transformation of suspension-cultured maize (Zea 
mays cv. Black Mexican Sweet) cells. Pretreating the bacterial cells with 
Phenol at a concentration of 1.0%, and combining the bacterial cells with 
tungsten particles increased the rates of transformation. In N. tabacum, 
we obtained hundreds of transient transf ormants per bombardment, but were 
unable to recover any stable transf ormants . In Z. mays we obtained 
thousands of transient transf ormants and an average of six stable 
transf ormants per bombardment. This difference is discussed. 
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AB Reporter gene transfer was successful into the de-embryonated cotyledon 
explant of Vigna radiata by non-oncogenic Agrobacterium 
tumefaciens and through microprojectile bombardment. Plantlets 
were regenerated from the transformed tissues selected under kanamycin 
stress condition. Eight transformed plantlets were obtained from V. 
radiata (mung bean) cv. TAR M2 . Fluorimetric assay of the 
p-glucuronidase (GUS, EC 3.2.1.31) enzyme revealed expression of this 
foreign gene into different tissues. Transient expression was noted when 
isolated chimeric DNA containing GUS and NPT II genes was introduced into 
various other explants, viz., mature embryos, roots and cell suspensions 
of V. radiata by particle bombardment. Southern blot hybridization 
confirmed stable integration of these reporter genes into the mung bean 
genome. Polymerase chain reaction anal, of genomic DNA isolated from 
cotyledon raised plants subsequent to high velocity microproj ectiles 
mediated gene transfer using four different primers showed integration of 
reporter genes into the genetic material of V. radiata. Cotyledon of V. 
radiata is considered as the best recipient system so far identified. 
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AB The authors have used both Escherichia coli cells and 
Agrobacterium tumefaciens cells as microproj ectiles to 

deliver DNA into suspension-cultured tobacco (Nicotiana tabacum L. line 
NT1) cells using a helium-powered biolistic device. In addition, E. coli 
cells were used as microproj ectiles for the transformation of 
suspension-cultured maize (Zea mays cv. Black Mexican Sweet) cells. 
Pretreating the bacterial cells with phenol at a concentration of 1.0%, and 
combining the bacterial cells with tungsten particles increased the rates 
of transformation. In N. tabacum, the authors obtained hundreds of 
transient trans formants per bombardment, but were unable to recover any 
stable trans f ormants . In Z. mays the authors obtained thousands of 
transient transf ormants and an average of six stable transf ormants per 
bombardment. This difference is discussed. 
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tungsten microparticles and dried down. The viability of the bacteria 
adsorbed onto these particles showed that a complete nutrient medium was 
needed for viability and that gold was a less toxic carrier. The 
efficiency of transformation of sunflower apical meristem with a plasmid 
carrying a (3-glucuronidase reporter gene was 2.4 and 3.3% in two sep . 
expts . 
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Microproj ectile bombardment of plant tissues increases 
transformation frequency by Agrpbacterium tumefaciens 
Bidney, Dennis; Scelonge, Chris; Martich, Joanie; 
Burrus, Monique; Sims, Lynn; Huffman, Gary 
Dep. Biotechnol. Res., Pioneer Hi -Bred Int., Inc., 
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Journal 
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Bombardment of plant tissues with microproj ectiles is an effective method 
of wounding to promote Agrobacterium-mediated transformation. Tobacco cv. 
Xanthi leaves and sunflower apical meri stems were wounded by 
microprojectile bombardment prior to application of 

Agrobacterium tumefaciens strains containing genes within the T-DNA 
encoding GUS or NPTII. Stable kanamycin-resistant tobacco transf ormants 
were obtained using an NPTII construct from particle/plasmid, 
particle -wounded/Agrobacterium- treated or scalpel -wounded/Agrobacterium- 
treated potato leaves. Those leaves bombarded with particles suspended in 
TE buffer prior to Agrobacterium treatment produced at least 100 times 
more kanamycin-resistant colonies than did leaves treated by the standard 
particle gun transformation protocol. In addition, large sectors of GUS 
expression, indicative of meristem cell transformation, were observed in 
plants recovered from sunflower apical explants only when the meristems 
were wounded first by particle bombardment prior to Agrobacterium 
treatment. Similar results in two different tissue types suggest that 
particles may be used as a wounding mechanism to enhance Agrobacterium 
transformation frequencies, and (2) Agrobacterium mediation of stable 
transformation is more efficient than the analogous particle/plasmid 
protocol . 
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Anther cultures of barley (Hordeum vulgare L. var. Igri) were used as 
targets for Agrobacterium-mediated DNA transfer and direct DNA uptake by 
particle bombardment. A wheat dwarf virus construct which can replicate 
to a high copy number in cereal cells provided a sensitive marker for 
successful DNA delivery. Although DNA delivery was achieved using both 
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,AB The gene coding for green fluorescent protein (GFP) from the jellyfish 
Aequorea victoria was successfully used as a vital marker for the 
transformation of three woody plant species, black spruce (Picea mariana 
(Mill.) BSP) , white pine (Pinus strobus L.) and poplar (Populus spp . ) . 
The gfp gene and the gene conferring resistance to kanamycin (nptll) were 
introduced by microprojectile bombardment or 
Agrobacterium tumefaciens -mediated technol . Screening by 
fluorescence microscopy of the transformed plant material, under the 
selection of kanamycin, identified five to eight cell lines from each tree 
species that clearly expressed GFP. Expression of GFP was observed in 
somatic embryonal cells of the coniferous species and in stem sections of 
poplar. For all species, GFP transgene expression was stable over 
multiple subcultures. Stable integration of the gfp gene into plant 
genomes was confirmed by Southern hybridization or polymerase chain 
reaction (PCR) anal. We conclude that GFP can be used as a vital marker 
and reporter protein in transformation expts. with gymnosperms and 
deciduous trees. 
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Production of antibodies and antibody derived mols. such as single chain 
fragment variable mols. (scFvs) by plant cells offers a variety of new 
possibilities for basic research in plant biol . as well as large scale 
production of antibodies for use as therapeutic, diagnostic or affinity 
reagents and for manipulating agronomic traits. ScFvs incorporate a 
designed linker peptide to bridge isolated Ig variable domains (VL and 
VH) . Here we transfer an animal gene (HyHellO) which encodes a synthetic 
scFv against hen egg-white lysozyme to tobacco and barley using 
Agrobacterium and microprojectile bombardment. 
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sequence and utility in hybrid seed production of corn 
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additional applications for expression of proteins 
involved in male fertility 
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